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a  b  s  t  r  a  c  t
Ipomoea  carnea  is  a toxic  plant  in Brazil  and other  tropical  countries  that  often  poisons  live-
stock; its  primary  toxin  is swainsonine.  Some  substances  that  interact  with  the  endocrine
system  have  been  called  endocrine  disruptors  (EDs).  Considering  swainsonine’s  mode  of
action, it is  feasible  to hypothesize  that  this  compound  could  act as an ED.  Bisphenol  A
(BPA),  an  estrogen-mimic,  is  considered  a classical  ED  in rodents.  This  study  aimed  to  eval-
uate  the  possible  ED  actions  of  I. carnea  and  BPA  in male  goats.  Seventeen  adult  male  goats
were  divided  into  three  homogeneous  groups:  control  (C, n  =  5);  IC  (n = 6, received  5.0  g/kg
body weight  of freshly  harvested  I. carnea  per day),  and  BPA  (n =  6,  received  25.0  mg/kg
body  weight  of  BPA  per  day).  The  experimental  period  was  120 days.  During  the  exper-
iment,  blood  samples  were  collected  at 0,  30,  60, 90 and  120  days  for biochemical  and
hormonal  evaluations.  On the  same  days,  semen  samples  were  collected  for andrologi-
cal  evaluation,  and  scrotal  circumference  and  testicular  consistency  were  determined.  The
males  were  castrated  on day  121,  and  fragments  of  testicle  and  epididymis  were  collected
for  histopathological  evaluation.  A  decrease  in  serum  T3 and T4  was  observed  in the  IC
group  as  well  as an  increase  in the  number  of  sperm  with  morphological  alterations.  In  the
BPA  group,  reduced  serum  T4  and  a decreased  percentage  of sperm  with  plasma  membrane
integrates  were  observed.  A histopathological  examination  revealed  the  vacuolar  degener-
ation of  Sertoli  cells  and  areas  of laminar  patterns  of  calcium  deposits  in  the  IC group  and
vacuolar  degeneration  in  the  rete testis  in  the BPA  group.  These  results  indicate  that  both
I. carnea  and  BPA  are  potential  EDs in  goats.  This  study  emphasized  the  susceptibility  of
livestock  to  ED  actions.  We  also  demonstrated  the  action  of  I. carnea acting  as  EDs  in  the
endocrine  and  reproductive  systems.
© 2014  Elsevier  B.V.  All  rights  reserved.. IntroductionDifferent environmental contaminants have been
inked to reproductive disorders in humans and wildlife
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capacity of these substances to interact with and affect
the endocrine system, they are called endocrine disrupt-
ors (EDs). Bisphenol A (BPA), a chemical used principally
as a monomer in the manufacturing of numerous chem-
ical products widely used in daily life, is one example of
an ED. BPA is an estrogen-mimic (Krishnan et al., 1993).
Low BPA levels may  be ingested routinely as the compound
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leaches from the lining of tin cans into foods (Brotons
et al., 1995) and from polycarbonate containers into their
contents (Biles et al., 1997).
The United States (U.S.) Environmental Protection
Agency (EPA) and the Organization for Economic Co-
operation and Development (OECD) have developed
protocols for assessing the potential ED of chemicals (US
EPA, 2013; OECD, 2013). Their methods comprise a wide
range of endpoints for ED. To assess single and simple
targets, in vitro studies are performed; to understand the
complexity of how an organism is affected, in vivo repro-
ductive evaluations are performed. Currently, the protocols
are conducted in rodents; although ruminants and wildlife
are constantly the target of EDs, studies involving EDs
in farm animals are scarce. Nevertheless, studies evaluat-
ing the effects of ED in sheep have clearly demonstrated
reproductive changes in these animals (Paul et al., 2005;
Bellingham et al., 2012; Sweeney et al., 2007).
Ipomoea carnea is a toxic plant scattered throughout
Brazil and other tropical countries (Austin and Huaman,
1996). This plant and other Ipomoea species have been
responsible for several outbreaks of livestock poisoning,
mainly in goats (Tokarnia et al., 1960; De Balogh et al.,
1999; Armién et al., 2007). The primary toxin in I. carnea
is the swainsonine (De Balogh et al., 1999), an indolizidine
alkaloid that is found in many other plants, such as the
Astragalus and Oxytropis species (often termed locoweeds
in the U.S.), and is a potent glycosidase inhibitor (De
Balogh et al., 1999; Haraguchi et al., 2003; Schwarz et al.,
2004). This inhibition promotes the cellular accumulation
of oligosaccharides because of the inhibition of lysoso-
mal  -mannosidase (Tulsiani et al., 1982), which results in
cellular vacuolization and death in various body systems
(De Balogh et al., 1999; Stegelmeier et al., 1994, 1995).
Swainsonine also inhibits Golgi mannosidase II, leading
to changes in the synthesis, processing and transport of
glycoproteins, which cause dysfunction in hormones and
membrane receptors (Stegelmeier et al., 1995) and lead to
alterations in endocrine (Stegelmeier et al., 1994; Taylor
and Strickland, 1998) and reproductive functions (Panter
et al., 1989). Considering the mode of action of swainso-
nine, it is feasible to hypothesize that this compound could
act as an ED. This concept was reinforced in a study that
demonstrated locoweeds can cause testicular degenera-
tion in rams because of the damage to various cells from
swainsonine (Panter et al., 1989).
It is well known that evaluating the ED potential of ther-
apeutic agents and environmental chemicals in ruminants
might greatly impact the economics of animal production
(Rhind et al., 2010). Moreover, as proposed by Magnusson
(2012), using farm animals instead of rodents in ED mod-
els for humans might offer some advantages, such as
the further development of other recording methods for
use in clinical parameters (e.g., altered sexually dimor-
phic behavior), which could better evaluate the exposure
of the animal and permit the exploration of the mech-
anism of action for ED substances. Thus, the aim of the
present work was to assess the effects of I. carnea on the
fertility of adult male goats. Furthermore, the effects of
BPA, a classical ED in laboratory rodents, were evaluated in
ruminants.Research 119 (2014) 81–87
2. Materials and methods
This study was conducted at the University of São Paulo (USP) Experi-
mental Station, Pirassununga, Sao Paulo state, Brazil (S 21◦58′ , W 47◦27′).
The procedures were approved by the USP Animal Ethics Committee, and
all animal care and handling was performed by experienced personnel
under veterinary supervision.
2.1. Plant collection and swainsonine content
A plantation at the USP Experiment Station was the source of freshly
harvested I. carnea leaves. The leaves were harvested daily, chopped in a
feed mill, and immediately offered to individual male goats; all treated
animals readily ate all offered I. carnea during the exposure period.
Samples from many plants in different areas of the plantation (55.7 ft2)
were harvested at the beginning of the study and dried and ground
(1  mm screen). The swainsonine concentration was determined by sev-
eral  samples collected using reversed phase high-performance liquid
chromatography coupled with atmospheric pressure chemical ionization
tandem mass spectrometry (LC-MS2). The quantitation limit was esti-
mated to be 0.001% swainsonine by weight in dry plant material (Gardner
et al., 2001).
2.2. Animals, feeding and experimental design
A standard lot of 17 adult male Alpine goats (aged 15 months) weighed
an average of 51 ± 6 kg when the study began. Before the experimental
period, the goats were evaluated according to their reproductive capacity
and classiﬁed according their potential fertility through complete andro-
logical examinations. All animals were within the recommended limits
for the species (CBRA, 1998); therefore, the animals were divided into
homogeneous groups according to their reproductive performance.
Male goats were allocated into 3 treatment groups: control (C, n = 5)
animals received no experimental treatment; IC (n = 6) animals received
5.0  g/kg body weight of freshly harvested I. carnea;  and BPA (n = 6) ani-
mals received 25.0 mg/kg body weight of BPA. The animals remained on
this experimental regimen for 120 days. During this period, the animals
from groups IC and BPA received the treatments every morning. Animals
in the I. carnea group were offered freshly harvested and chopped I. carnea
(3  cm), and BPA (as a dry powder) was added to 10 g of commercial ration.
Each animal’s diet was supplemented with 300 g/day of a commercial sup-
plement: ground corn (60.6% on DM basis) and soybean meal (36%) with
3.4%  mineral salt. Additionally, after the animals had consumed the com-
mercial ration and I. carnea or BPA, they were given free choice access
to  chopped sugar cane residue (Saccharum ofﬁcinarum L.) sufﬁcient for
overnight feeding. The residual sugar cane was  removed before feeding
commenced the next day. Fresh water was available free choice. The ani-
mals were housed together in an open-air barn with a raised wooden ﬂoor,
as is typical in Brazil. The males were fed individually in tie stalls when
given the I. carnea or BPA and commercial supplement; they were group
fed  the sugar cane overnight.
2.3. Clinical, biochemical and hormonal evaluations
During the experimental period, the males were clinically evaluated
and weighed every 15 days. Blood samples were collected via jugular
venipuncture 5 times during the experimental period at 0, 30, 60, 90 and
120  days. Blood serum was  frozen and stored at −18 ◦C for the biochemi-
cal  and hormonal evaluations. Commercial kits (CELMs, Brazil) were used
for determining the protein, albumin, glucose, urea, creatinine, aspar-
tate  aminotransferase (AST), and gamma-glutamyl transpeptidase (GGT)
using a CELM SBA-200 blood analyzer (CELM, Barueri, São Paulo, Brazil).
The plasmatic concentrations of cortisol, testosterone, luteinizing hor-
mone (LH), triiodothyronine (T3), and thyroxine (T4) were determined
as  the mean of duplicate determinations using commercial RIA kits (Coat-
A-Count® Siemens). The following results were obtained for the control
group with greater concentrations and the control group with lesser con-
centrations: mean intra-assay coefﬁcient of variation (CV) of cortisol, 9.2%
and 1.3%, respectively, (sensitivity 0.076 ng/mL); CV of testosterone 1.8%
and  0.6%, respectively, (sensitivity 1.952 ng/dl); CV of LH, 13.5% and 2.1%,
respectively, (sensitivity 0.062 ng/mL); CV of T3, 6.4% and 1.2%, respec-
tively, (sensitivity 3.55 ng/dl); and CV of T4, 11.8% and 0.1%, respectively,
(sensitivity 0.052 ng/mL).
















































mig. 1. Triiodothyronine (T3) and thyroxine (T4) concentrations (means ±
eight  of freshly harvested I. carnea) and BPA (25.0 mg/kg body weight o
0,  60, 90 and 120 days of experiment. *p < 0.05 compared to control (mix
.4. Andrological evaluation
On days 0, 30, 60, 90 and 120 of the experiment, an electro-ejaculator
as used to collect semen samples from the animals. At the same time,
crotal circumference was  determined using a measuring tape at the point
f  maximum diameter (Foote, 1984). Testicular consistency was deter-
ined subjectively using a palpation score of 1–5 (1, almond; 5, goose
gg).
Immediately after collection, the semen was  evaluated. To determine
he  sperm concentration, an aliquot of semen was diluted to 1:400 in
uffered formalin saline. The count was performed in a Neubauer cham-
er under optical microscopy at 400× magniﬁcation. Sperm motility was
ssessed using a computer assisted sperm analysis (CASA) (Ivos-Ultimate;
amilton Thorne Biosciences, Beverly, MA, USA). The CASA set-up was
re-adjusted for goat sperm analysis (frames per second, 60 Hz; number
f frames, 45; velocity limit for slow sperm, 20 m s−1; minimal linearity
or  progressive sperm, 80%; path velocity, 50 /s; and minimum cell size,
 pix). A semen sample was  diluted in a freezing diluent without glycerol
BotuBov® , Botupharma, Botucatu, Brazil) to reach a sperm concentration
f  approximately 25 × 106 spermatozoa/mL. Ten microliters of the sample
as then placed in a Makler counting chamber (Makler ® , SEFI Medical
nstruments LTDA). Six ﬁelds were randomly selected for each analysis.
he following variables were analyzed: total motility (TM, %), progressive
otility (PROM, %), average path velocity (VAP, m s−1), curvilinear veloc-
ty  (VCL, m s−1), straight-line velocity (VSL, m s−1), amplitude of lateral
ead displacement (ALH, m),  beat cross frequency (BCF, Hz), straightness
STR, %), and linearity (LIN, %).
To assess the plasma membrane integrity, the hypoosmotic swelling
est (HOST) was  performed as described by Revell and Mrode (1994); raw
emen was  incubated for 60 min  at 35 ◦C in a fructose/sodium citrate solu-
ion  with an osmolarity of 150 mOsm kg−1. After the incubation, a drop of
he mixture was  placed on a slide, covered with glass, and the membrane
tructures of spermatozoa were examined under 1000× magniﬁcation
ith a phase-contrast microscope. The membranes of cells with swollen
ails or thickened tails (beginning from the mid-piece) were considered as
ntact and functionally active. In each sample, 200 cells were evaluated. To
valuate sperm morphology, a fresh semen aliquot was diluted and ﬁxed
n pre-warmed (37 ◦C) formaldehyde- PBS. Sperm (n = 200) was assessed
nder phase contrast microscopy at a magniﬁcation of 1000×. The value
as expressed in total of defects encountered.
.5. Histopathological analysis
After the end of the experimental period (day 121), the males were
astrated under local anesthesia (anestesico L® Pearson). Fragments of
esticle and epididymis were ﬁxed in Bouin solution, embedded in paraf-
n,  cut into 5-m sections and stained with hematoxylin and eosin (H &
).
.6. Statistical analysisThe data collected for weight gain, serum biochemistry and hormonal
oncentrations, scrotal circumference, sperm concentration, sperm motil-
ty, HOST, and sperm morphology were analyzed using a mixed linear
odel (Proc Mixed) with the treatments; the animals were nested within) in goats allocated to three treatment groups: control, IC (5.0 g/kg body
nol A). Experimental basis of 120 days and samples were collected on 0,
r model, followed by mean separation).
the treatments, and repeated measurements of the variables were taken
over time using SAS software (Version 9.2; SAS Institute, Cary, NC). The
animals were considered a random factor in the model. In all cases, the
probability of signiﬁcant differences was set at  ˛ = 0.05.
The analysis of the testicular consistency was performed using the
Cochran–Mantel–Haenszel test (CMH) with SAS software (Version 9.2,
SAS Institute, Cary, NC).
3. Results
The I. carnea leaves contained 0.14% swainsonine (dry
weight basis). Thus, it was  calculated that the goats
ingested 2.7 mg  of swainsonine kg BW−1 each day.
None of the animals in the different groups showed
any clinical changes during the experimental period. No
signiﬁcant changes (p > 0.05) were detected in the weight
gain of the animals during the experimental period (con-
trol 0.61 ± 0.32 kg, IC 0.64 ± 0.26 kg and BPA 0.72 ± 0.32 kg).
Only one goat in group IC was found dead in the barn (with-
out any clinical changes) after 83 days of the experiment.
The necropsy showed that the cause of death was unrelated
to the experimental treatment. The biochemical analysis
of serum collected during the experimental period showed
ﬂuctuations of some variables, but these values remained
within the normal ranges for goats (data not shown).
A hormonal evaluation showed a treatment by day
interaction effect (p < 0.05) in the T3 serum of the IC group
on experiment days 30, 60, 90 and 120 compared with the
control group. Serum T4 also demonstrated a treatment
by day interaction effect (p < 0.05) in the IC group on days
30 and 60, and in the BPA group on experiment day 120
compared with the control group (Fig. 1). No statistically
signiﬁcant changes (p > 0.05) were found regarding cortisol,
testosterone and LH (Table 1).
A breeding soundness evaluation showed no signiﬁcant
difference (p > 0.05) among the groups in scrotal circumfer-
ence, testicular consistency, sperm concentration (Table 1).
No signiﬁcant difference (p > 0.05) was  observed among the
groups in the sperm motility characteristics obtained by
computer-assisted semen analysis (data not shown).
The HOST showed a treatment effect (p < 0.05) in the BPA
group compared to the control (Table 1). The evaluation of
sperm morphology revealed a treatment by day interaction
effect (p < 0.05) in the IC group compared with the control
group (Fig. 2). An increase in the number of sperm with
morphological alterations was observed in the group that
84 A.T. Gotardo et al. / Small Ruminant Research 119 (2014) 81–87
Table 1
Cortisol (g/dL), testosterone (ng/mL), luteinizing hormone (ng/dL), scro-
tal  circumference (cm), testicular consistency (score of 1–5), sperm
concentration (×106 mL−1) and hypoosmotic swelling test (HOST, %) in
goats allocated to three treatment groups: control, IC (5.0 g/kg body
weight of freshly harvested I. carnea) and BPA (25.0 mg/kg body weight of
Bisphenol A). Experimental basis of 120 days and samples were collected
on  0, 30, 60, 90 and 120 days of experiment.
Variables Groups
Control (25)a IC (28) BPA (30)
Cortisol 1.34 ± 0.24b 0.73 ± 0.08 0.93 ± 0.12
Testosterone 274 ± 66.3 244 ± 39.1 222 ± 40.5
Luteinizing hormone 0.24 ± 0.03 0.25 ± 0.02 0.22 ± 0.02
Scrotal circumference 26.3 ± 0.17 25.8 ± 0.37 26.6 ± 1.44
Testicular consistency 2.9 ± 0.10 2.7 ± 0.12 2.9 ± 0.11
Sperm concentration 2056 ± 198 1415 ± 187 1481 ± 187
HOST 63.6 ± 1.74 63.2 ± 2.95 57.2 ± 2.42*
a Number of goats.
b Mean ± S.E.M.
* p < 0.05 compared to control (mixed linear model, followed by mean
separation).
received the plant; the proximal protoplasmic droplet was
responsible for this increase.
In the testis of the goats from the IC group, histological
lesions were observed in the seminiferous tubular epithe-
lium, speciﬁcally focal areas of vacuolar degeneration of
the Sertoli cells and areas of laminar patterns of calcium
deposits (Fig. 3). In the testis of the BPA group goats, vac-
uolar degeneration was observed in the rete testis (Fig. 4).
No epididymal alterations were observed in the groups.
4. Discussion
Rodent studies have unequivocally shown that BPA
affects sperm production (Sakaue et al., 2001), weight of
testes and seminal vesicles (Al-Hiyasat et al., 2002), serum
level of testosterone (Takao et al., 1999; Nakamura et al.,
2010) and luteinizing hormone (Nakamura et al., 2010;
Akingbemi et al., 2004). In addition, in vitro studies in
rodents have revealed decreases in testosterone biosyn-
thesis, apoptosis of Sertoli cells (Iida et al., 2003) and
disruption of the integrity of the blood-testis barrier (Li
et al., 2009). Although no in vivo studies were found in the
Fig. 2. Percentages of morphological alterations in goats sperm
(means ± S.E.M.) allocated to three treatment groups: control, IC (5.0 g/kg
body weight of freshly harvested I. carnea) and BPA (25.0 mg/kg body
weight of Bisphenol A). Experimental basis of 120 days and samples were
collected on 0, 30, 60, 90 and 120 days of experiment. *p < 0.05 compared
to  control (mixed linear model, followed by mean separation).
Fig. 3. Light photomicrograph of goat testicles: (A) Animal from control
group; (B and C) Animals treated with I. carnea (5 g/kg body weight per
day) for 120 days showing focal areas with vacuolar degeneration of Ser-
toli  cells (arrow; B) and areas of laminar deposit of calcium (arrowhead
seven; C). Magniﬁcation: ×100, HE.
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mnimal from control group; (B) Animal treated with BPA (25 mg/kg body
eight per day) for 120 days showing cytoplasmic vacuolization (arrow;
), Magniﬁcation: ×100, HE.
iterature evaluating the ED effect of BPA in goats, Andriana
t al. (2004) using immature goat testicles (in vitro) veriﬁed
hat BPA can induce morphological alterations in Sertoli
nd spermatogenic cells. In addition, Savabieasfahani et al.
2006) veriﬁed in ewes that prenatal BPA exposure had
ong-term differential effects on a variety of reproductive
ndocrine parameters, which indicates that BPA is a poten-
ial ED in ruminants. Thus, in our study we choose BPA as
 positive control.
The spermatic evaluation of the BPA group in the
resent study showed a lower percentage of sperm with
lasma membrane integrity. This reduction, although
light, was signiﬁcant and indicated a possible action of
PA on the sperm quality of goats, which may  lead to a
ecrease in fertility, as reported in the rodents exposed to
his compound (Sakaue et al., 2001; Al-Hiyasat et al., 2002).
n addition, in the histopathological evaluation of the tes-
icles of these goats, we veriﬁed vacuolar degeneration of
he rete testis, which suggests a deleterious action of BPA
ecause it is known that this area is rich in estrogen recep-
ors, which play a fundamental role in maintaining their
orphology and physiology (Lee et al., 2000). Thus, thisResearch 119 (2014) 81–87 85
study reveals a possible action of BPA on the reproductive
tract of adult goats. The BPA mechanism(s) of action that
produce this effect and the relationship between the sperm
and testicular changes require further investigation.
Rodents treated with BPA showed signiﬁcantly
decreased concentrations of testosterone (Takao et al.,
1999; Nakamura et al., 2010; Akingbemi et al., 2004) and
luteinizing hormone (Nakamura et al., 2010; Akingbemi
et al., 2004), but a hormonal evaluation of the goats
revealed no signiﬁcant change in either hormone in
the serum. However, we  observed a reduction in the
serum levels of thyroxine at day 120 of the experiment.
Considering that BPA can affect the pituitary-thyroid axis
by directly altering the cellular level of thyroid speciﬁc
transcripts in vitro and in vivo and exerting a direct effect
on thyroid follicular cells (Gentilcore et al., 2013), it is
feasible to assume that BPA is responsible for the observed
decrease in thyroxine.
The results obtained in the present study with rumi-
nants that ingested BPA were slightly different to those
described in rodents receiving the same xenoestrogen.
Extrapolation of data from monogastric to polygastric
species should be performed with caution; the rumen has
an important role in the pharmacokinetics and metabolism
of chemical agents. It is known that the ruminal microor-
ganisms can metabolize many drugs by reduction or
hydrolysis, which results in a decreased amount of drug
available for absorption (Baggot, 2007). Thus, ruminal
metabolism may  be responsible for the observed differ-
ences in the results. Another important point is the dose
of BPA used here. As there is a lack of studies involving
ED and ruminants, we  choose the BPA dose by extrapolat-
ing from rodent experiments. Thus, we  hypothesize that
ruminants can tolerate higher levels of BPA compared to
rodents. Hence, ruminal metabolism, the low BPA dosage
employed here, or both factors together may have reduced
the toxic effects of BPA in goats. However, the present study
demonstrated the variability of toxic effects among species
and highlighted the need for speciﬁc toxicological evalua-
tion protocols for ED in ruminants.
The doses of I. carnea used in the present experiment
were selected based on data from an earlier study con-
ducted in our laboratory using young goats fed rations with
low concentrations of this plant (Schumaher-Henrique
et al., 2003). The objective was to treat the animals with
a dose of the plant to ensure that they did not show any
clinical symptoms of poisoning.
The goats that ingested I. carnea showed marked
changes in sperm. An increase in the abnormal sperm
morphology of the animals that ingested the plant was
observed at days 60, 90 and 120 of the experiment. The
lesion responsible for this increase was the proximal pro-
toplasmic droplet. These animals had an average of 20%
of sperm compromised. A similar result was observed by
Panter et al. (1989) in a study with rams poisoned by
locoweeds, a toxic plant in which the primary toxin is also
swainsonine; the author found more than 50% of sperm
committed to protoplasmic droplet.
A histological examination of the testes of animals
that received I. carnea also showed alterations that were
compatible with sperm changes. The presence in the
minant 86 A.T. Gotardo et al. / Small Ru
seminiferous epithelium of tubular foci of vacuolar degen-
eration of Sertoli cells and areas of laminar patterns of
calcium deposits indicated the beginning of testicular
degeneration, which compromises spermatogenesis and
increases abnormal sperm morphology. I. carnea contains
swainsonine (De Balogh et al., 1999). Ruminant poisoning
by I. carnea exhibits severe cytoplasmic vacuolation in the
liver, pancreas, thyroid, kidney and neurons (De Balogh
et al., 1999; Gotardo et al., 2012). The vacuoles consisted
of the distended lysosomes surrounded by a single-layered
membrane (Armién et al., 2007). Clearly, the ingestion of
I. carnea by male goats leads to a similar testicular vac-
uolar degeneration that results in changes in sperm and
reproductive disorders even at low doses that do not cause
clinical signs of poisoning.
Another evident effect of the plant in male goats was a
decrease in serum T3 and T4. In a previous study conducted
in our laboratory, a vacuolar degeneration in the thy-
roids of growing goats poisoned by I. carnea was observed
(Schumaher-Henrique et al., 2003). Thus, it is concluded
that the decrease in the serum levels of thyroid hormones
is the result of a vacuolar degeneration of the thyroid affect-
ing hormone production. When eaten by goats for long
periods, even in doses that do not cause any clinical sign
of toxicity, I. carnea can lead to hypothyroidism, which can
compromise production and reproduction (Wilson, 1975).
This fact is more relevant considering that goats are more
susceptible to hypothyroidism than any other domestic
animal (Dutt and Vasudevan, 1963; Manson and Wilkinson,
1973).
In conclusion, the results show that BPA promotes sub-
tle hormonal and spermatic changes and is a potential ED
for goats. However, the mechanism of action that leads to
thyroid and testicular alterations in goats should be better
evaluated in future studies. I. carnea causes reproductive
and hormonal changes in adult goats. There was an increase
of pathological spermatozoa and decreased concentrations
of thyroid hormones. Thus, it is assumed that toxic(s) com-
pound(s) presented in I. carnea acts directly on the thyroid
gland and testis. Therefore, it is concluded that I. carnea is
a potential ED in goats.
This study emphasizes the susceptibility of livestock to
the actions of ED and suggests developing speciﬁc protocols
for assessing ED in ruminants because of the great variabil-
ity of effects between species. We  also demonstrated the
action of I. carnea acting similarly to an ED in the endocrine
and reproductive systems of goats.
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